A Gram-positive, endospore-forming, strictly aerobic and rod-shaped bacterium, designated strain MME2_R6 T , was isolated from Arctic soil, and it was identified by using a polyphasic taxonomic approach. This strain was psychrotolerant, growing at 4--24 C. 16S rRNA gene sequence analysis showed that strain MME2_R6 T was closest to Paenibacillus swuensis DY6 T , with 93.9 % similarity. However, in phylogenetic analysis based on the 16S rRNA gene sequence, strain MME2_R6 T showed that it clustered with Paenibacillus contaminans CKOBP-6 T and the sequencing similarity between the two species was 93.7 %. Its major cellular fatty acid was anteiso-C 15 : 0 , like other Paenibacillus species. The major polar lipids were phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol. The predominant isoprenoid quinone was menaquinone-7. The diagnostic diamino acid in the cell wall was meso-diaminopimelic acid. The genomic DNA G+C content was 44.2 mol%. Based on the results of phenotypic, chemotaxonomic and phylogenetic analyses, a novel species, Paenibacillus arcticus sp. nov., is proposed. The type strain is MME2_R6 T (=JCM 30981 T =PAMC 28731 T ).
The genus Paenibacillus was first proposed by Ash et al. [1] . The members of the genus consist of aerobic and facultatively anaerobic rod-shaped, endospore-forming bacteria. Since then, the number of novel Paenibacillus species has increased to 174 species and four subspecies (www.bacterio. net/paenibacillus.html). The species of the group have been isolated from various ecological niches such as soil, rhizosphere, wastewater, insect, food, faeces, compost, blood cultures and human urine. Some members were discovered in extreme environments such as volcanic soil [2] , desert [3, 4] , Antarctic sediment [5, 6] , tundra [7] and glacier [8] . In this study, a psychrotolerant rod-shaped bacterium was isolated from Arctic soil. According to its 16S rRNA gene sequence, chemotaxonomic characteristics and phenotypic properties, this strain was identified as a novel species in the genus Paenibacillus.
Strain MME2_R6
T was isolated from the Artic soil of Midtre Lov enbreen glacier foreland (78 54¢ 9.03 † N 12 6¢ 34.47 † E) at Svalbard in Norway in June 2013. The obtained sample was diluted with 0.85 % (w/v) saline and plated onto tryptic soy agar (TSA; BD) that was adjusted to pH 7.2. The plates were incubated at 20 C for 1 month. Colonies of beige colour were observed on the TSA plates. These colonies were streaked onto the same fresh TSA at least three times to obtain a pure colony. To refine the medium for optimal growth, the colony was transferred onto R2A agar (R2A; BD) that contained 0.5 g proteose peptone, 0.5 g yeast extract, 0.5 g acid digest of casein, 0.5 g glucose, 0.5 g soluble starch, 0.3 g K 2 HPO 4 , 0.024 MgSO 4 , 0.3 g sodium pyruvate and 15 g agar. The colony was stored at À80 C with 25 % (v/v) glycerol. For the comparative taxonomic analysis, Paenibacillus contaminans KCTC 13623 T and Paenibacillus swuensis KCTC 32056 T were purchased from the Korean Collection for Type Cultures (Jeongeup, Republic of Korea). The isolated strain MME2_R6 T and two reference strains were routinely cultivated on TSA at 20 C, unless indicated otherwise.
Genomic DNA of strain MME2_R6
T was extracted and purified by using a HiYield Genomic DNA Mini Kit (Real Biotech Corporation). To amplify the 16S rRNA gene of strain MME_R6
T using PCR, the universal bacterial primers 27F and 1492R were used [9] . The PCR products were sequenced at CosmogeneTech and the sequences were then assembled as previously described by Roh et al. [10] by using SeqMan software (DNAstar). To align with sequences of the related species, SILVA (www.arb-silva.de/aligner) was used [11] . To reconstruct phylogenetic trees, the sequences of related taxa were obtained from the EzTaxon-e server (www.ezbiocloud.net/eztaxon/) [12] . For reconstructing neighbour-joining (NJ) [13] , maximum-likelihood (ML) [14] and maximum-parsimony (MP) [15] phylogenetic trees, the following statistical methods were used: for NJ, the Kimura two-parameter model [16] with complete deletion of gaps; for MJ, the Kimura two-parameter model with the nearest-neighbour-interchange [17] as the heuristic search algorithm; for MP, the subtree-pruning-regrafting [18] heuristic algorithm with complete deletion. All phylogenetic trees were reconstructed using MEGA 6 [19] T on the NJ, NL and MP trees (Fig. 1 ).
Morphological characteristics of the cells were determined by phase-contrast microscopy (80i, Nikon) and transmission electron microscopy (G2 Spirit, FEI-Tecnai; as installed in the Korean Basic Science Institute), with negative staining using 1 % (w/v) phosphotungstic acid. The presence of spores was analysed by phase-contrast microscopy (Â1000, oil; 80i, Nikon) after cultivation for 8 weeks on TSA. Cell motility was examined by using the semisolid agar method [20] . Gram staining was performed with a commercial Gram staining kit (Bioworld) according to the manufacturer's instructions. The KOH test was performed by following the method of Powers [21] . Catalase activity was determined by testing bubble production in 3 % (w/v) H 2 O 2 . Oxidase activity was assessed by using the bioM erieux Orientation test kit. Growth under anaerobic conditions was tested after 2 months of incubation on TSA and R2A at 20 C in the GasPak EZ anaerobic container system (BD). KNO 3 (5 mM), FeCl 3 (10 mM), and Na 2 S 2 O 3 (10 mM) were used as electron acceptors. Hydrolysis of casein, gelatin, Ltyrosine, starch and Tweens 20, 40 and 80 were tested as described by Cowan and Steel [22] . To carry out the physiological test, modified TSA and R2A were utilized. The growth range at different pH was determined in TSA using the following buffer systems: pH 5.0 and 6.0 with 10 mM MES; pH 7.0-9.0 with 10 mM Tris-HCl; pH 10.0 and 11.0 with 10 mM CAPS, which was incubated at 20 C. Strain C. Strain MME2_R6 T was biochemically characterized using API ZYM and API 20NE (bioM erieux). The results of API test strips were observed after incubation at 20 C for 2 weeks.
Cells of strain MME2_R6 T was Gram-stain-positive, motile, strictly aerobic and rod-shaped (0.6--0.8Â1.7--2.5 µm) (Fig.  S1 , available in the online Supplementary Material). Peritrichous flagella could be observed on young cells by TEM (Fig. S1b ). An ellipsoidal spore formed (Fig. S2) . The KOH test was negative. Strain MME2_R6
T was catalase-positive and oxidase-negative. Colonies grown on TSA or R2A at 20 C were non-pigmented, circular, convex, bright and cream coloured with a diameter of 1.0-1.5 mm after 2 weeks. This isolated strain did not hydrolyse casein, gelatin, L-tyrosine, starch, or Tweens 20, 40 or 80. Strain MME2_R6
T growth range of temperature, NaCl concentration and pH were 4--24 C, 0--0.5 % (w/v) and at pH 7-8, respectively. Its optimal growth conditions were 20 C and pH 7 without NaCl. Using an API 20NE kit, we observed b-galactosidase activity, however, reduction of nitrate, production of indole, fermentation of glucose and activities of arginine dihydrolase, urease and hydrolysis of aesculin (b-glucosidase) and gelatin (protease) were not observed. The results of the API ZYM strips showed that activities of esterase lipase (C8), acid phosphatase, naphthol-AS-BIphosphohydrolase and b-galactosidase were positive. The results of the API 50 CH strips showed that strain MME2_R6
T could utilize D-mannose, melibiose and gentiobiose. Other characterizations are provided in Table 1 and the species description.
The cellular fatty acid compositions of strain MME2_R2 T and reference strains P. contaminans KCTC 13623 T and P. swuensis KCTC 32056 T were analysed using cells cultivated on TSA at 20 C for 2 weeks. Analysis of fatty acid composition was performed as described by Miller [23] using gas chromatography (Agilent technologies 6890) and a cross-linked methyl siloxane column (HP-1) as a separation column (A30 mÂ0.320 mmÂ0.25 µm). Profiling of the cellular acids was determined using Sherlock MIS Software version 6.2, based on the TSBA6 database [24] . Polar lipids of strain MME2_R6
T and reference strain P. contaminans KCTC 13623
T were extracted according to the protocols of Minnikin et al. [25] . The polar lipids were identified by twodimensional thin-layer chromatography as described by Minnikin et al. [25] and Komagata and Suzuki [26] . For extraction and analysis of respiratory quinones, freeze-dried cells were used and the methods of Collins and Jones [27] were followed with chloroform/methanol (2 : 1, v/v). The extracted quinones were identified by using a highperformance liquid chromatography (HPLC) system (YL9100, Younglin). The diamino acid type in the cell wall was analysed according to the protocols reported by Staneck and Roberts [28] . DNA G+C content was calculated as described by Mesbah and Whitman [29] using reversedphase HPLC.
During the cellular fatty acid composition analysis, the major cellular fatty acids (>5 %) of strain MME2_R6
T were found to be anteiso-C 15 : 0 (67.5 %), C 16 : 0 (8.2 %) and iso- T . All data are from this study, Chou et al. [30] and Lee et al. [31] . 
Genomic DNA G+C content (mol%) 44.2 51.9 47.7
*Data taken from this study.
C 15 : 0 (6.7 %) ( Table 2 ). The anteiso-C 15 : 0 was distinguished as being dominant in reference strains P. contaminans KCTC 13623 T and P. swuensis KCTC 32056 T . The detected polar lipids of strain MME2_R6
T were phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), four unidentified aminolipids, unidentified polar lipids and two unidentified lipids (Fig.  S3) . The major polar lipids of strain MME2_R6
T were found to be PG, DPG and PE, this composition seemed to be similar to reference strain P. contaminans KCTC 13623 T as previously described by Chou et al. [30] . The diagnostic diamino acid in the cell wall was determined to be mesodiaminopimelic acid. The dominant respiratory quinone was menaquinone-7 (MK-7) and the genomic DNA G+C content was 44.2 mol%.
The 16S rRNA gene sequence of strain MME2_R6
T revealed that it belonged to the genus Paenibacillus. Furthermore, data of the major polar lipids and the major cellular fatty acids strongly confirmed an affiliation with the genus. Based on the polyphasic evidences it is proposed that strain MME2_R6
T is assigned as the type strain of a novel species in the genus Paenibacillus, for which the name Paenibacillus arcticus sp. nov. is proposed.
DESCRIPTION OF PAENIBACILLUS ARCTICUS SP. NOV.
Paenibacillus arcticus (arc¢ti.cus. L. masc. adj. arcticus northern, Arctic, referring to the site from where the type strain was isolated). 
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